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INTRODUCTION
Hepatocyte Paraffin 1 (Hep Par 1) is a marker of hepatocyte mitochondrial antigen and was described as a highly sensitive (sensitivity 92%) and specific (specificity 90%) marker for hepatocyte differentiation. [1, 2] It was given a great value in identifying the hepatocellular carcinomas (HCC), until it was gradually recognized to be expressed in tumors without hepatocellular differentiation along with reports regarding its inconsistent expression pattern across the different grades of HCCs. [3] It remained at the center of discussions since 1996, as reflected by as many as 84 published papers in the English literature regarding the utilities of this stain. It was so because this stain was relied on mostly for differentiating the primary and metastatic hepatic lesions, especially when they were multifocal and radiological features were not typical of HCC. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Simultaneously, large number of other antibodies, including alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), various cytokeratins (CK 7, 8, 18, 19, and 20) , ferritin, albumin, fibrinogen, and alpha 1 antitrypsin, were also tried to determine definite hepatocyte differentiation. All of these markers fall short of popularity, due to their limited sensitivity and specificities. [4, 6] Gradually, it was also identified as a marker of the small intestinal (SI) goblet cell differentiation, followed by its known expression in other nonintestinal tumors such as lung, prostate, and adrenal carcinomas. [12] In this scenario, it seemed an important proposition to analyze the Hep Par 1 expression pattern across the different parts of the gastrointestinal tract (GIT) mucosa, corresponding malignancies arising from these primary sites and in metastatic foci. We were interested to get a comprehensive picture of Hep Par 1 staining patterns along the whole GIT, because in clinical pratice, identifying the probable site of origin of a metastatic tumor especially in liver, lung and lymphonodes are the onus on histopathologists, when radiological and biochemical finidngs do not give substantial evidence. Along with CK7, CK20 stains, Hep Par 1 stain is also commonly used in the panel, as the marker of hepatocyte differentiation. As dobted, if not certain, giving Hep Par 1 positivity too much priority may misguide oncologists, increase overall treatment cost and delay targeted management.
MATERIALS AND METHODS

Cases and controls
A total of sixty cases of adenocarcinoma, which had lymph node metastases, were included retrospectively in the study with ten cases each from the esophagus, stomach, periampullary region, colon, rectum, and gall bladder. Normal mucosa away from the tumor and sections from the metastatic foci in lymph node were used to study the comparative expression pattern of Hep Par 1 in normal mucosa, primary tumors, and in the metastatic foci. Institutional ethical clearance was taken.
Histopathological evaluation
Histological analysis was performed by two histopathologists with experience in GIT pathology and was blinded about the detail. Histological parameters examined were as follows: histological tumor grade, lymphovascular emboli, perineural tumor invasion, extent of tumor infiltration, presence or absence of mucin, resection margin status, pathologic stage, lymph node tumor metastasis, and perinodal soft tissue deposits. Relevant demographic data of the patients were collected. Normal mucosa from esophagus and stomach were examined for the presence of intestinal metaplasia. Adenocarcinomas were graded as per the WHO histological grading system.
Immunohistochemistry
Tissue sections (4-5 µm) cut from representative paraffin blocks were deparaffinized in xylene and rehydrated through graded alcohol. Endogenous peroxidase was blocked by using 4% hydrogen peroxide. Sections were processed by conventional microwave heating in 10 mMol/L sodium citrate buffer (pH 6.0) for 30 min for antigen retrieval. The sections were then incubated with primary antibody (Hep Par 1 [Clone OCH1E5], Spring Bioscience, CA, USA; dilution 1:100) at 4°C, for overnight. Subsequently, sections were incubated with anti-mouse immunoglobulin in phosphate buffer saline containing carrier protein and 15 mM sodium azide at room temperature for 30 min. After washing, the reaction product was developed with 3,3'-diaminobenzidine and counterstained with hematoxylin. Appropriate positive and negative controls were used as per manufacturer's guidance.
Evaluation of immunoreactivity
Immunoreactivity was judged independently by two pathologists who were blinded to the clinical data and pathological diagnoses. Immunoreactivity was semi-quantitatively evaluated on the basis of staining intensity and distribution using the H-score.
H-score was calculated as follows = intensity score × percentage of positive cells. The intensity score was defined as 0: negative; 1: weak; 2: moderate; or 3: strong. The total score ranged from 0 to 300. A score of >5 was considered as positive. This cutoff was selected arbitrarily, considering the minimum accountable area positivity as 5%, and minimum intensity score as 1. Area of positivity <5% was taken as negative.
Statistical methods
The statistical comparisons were performed using STATA software, version 12 (TX, USA). Pearson's Chi-square, Fisher's exact, Kruskal-Wallis, and Wilcoxon rank sum tests were applied. The value of P < 0.05 was considered statistically significant.
RESULTS
Patient details
Age of the patients ranged from 11 to 80 years with a median of 48.5 years and a mean of 50.3 years. The study group comprised 41 males and 19 females.
Histopathological findings
The tumor size varied from 0.8 to14 cm with a median of 4 cm and a mean of 4.7 cm. All the sixty tumors were diagnosed as adenocarcinomas on histopathological examination. Out of all, 53 (88.3%) had low histological grade (G1 and G2), whereas 7 (11.7%) had high histological grade (G3). Among these, three gastric, one esophageal, one colonic, one rectal, and one gall bladder adenocarcinomas showed poor differentiation with majority of areas lacking acinar differentiation. All the low histological grade tumors revealed unequivocal evidence of glandular differentiation. Twenty-four (40%) tumors showed mucin production and presence of signet ring cells. Thirty (50%) tumors showed lymphovascular emboli and 27 (45%) revealed perineural invasion. All the tumors showed transmural infiltration. The total lymph node yield varied from 2 to 44 lymph nodes, least in the rectal and gall bladder excision specimens. The number of positive lymph nodes (lymph nodes with tumor metastasis) varied from 1 to 40. Peri-nodal soft tissue tumor deposits were seen in 41 (68.3%) cases. Resection margin was positive in 11 (18.3%) cases. Nine periampullary, one esophageal and one gall bladder tumors were staged as Stage II. One periampullary, one colonic, and two gall bladder tumors were Stage IV. The rest of the tumor was Stage III.
Immunohistochemical expression patterns of Hepatocyte Paraffin 1 Normal Mucosa
Out of sixty cases, the normal esophageal and gastric mucosa did not show staining for Hep Par 1 [ Table 1 ]. Hep Par 1 expression was, however, noted in the zone of intestinal metaplasia in the stomach [ Figure 1 -arrows]. Normal SI mucosa from cases of 10 periampullary tumors showed diffuse and strong staining. Normal colonic mucosa showed weak focal expression in five cases, whereas normal rectal mucosa showed weak focal expression in three cases. Only three gall bladder cases showed weak staining of normal mucosa.
Primary tumor
Forty-one (68.3%) adenocarcinomas showed Hep Par 1 expression out of which 9 were esophageal, 8 gastric, 5 periampullary, 5 colonic, 7 rectal, and 7 from gall bladder [ Figure 2 -arrows]. Of these, percentage of positive cells varied from 2% to 100% with a mean of 26.4%. H-score ranged from 2 to 300 with a mean of 61.5 [ Table 1 ]. Interestingly, this differential expression was not in accordance to the histological tumor grade or tumor type [ Table 2 ].
Metastatic foci in lymph node
Twenty-nine (48.3%) metastatic adenocarcinomas in lymph node showed Hep Par 1 immunopositivity, of which 6 were esophageal, 6 gastric, 3 periampullary, 5 colonic, 4 rectal, and 5 from gall bladder adenocarcinomas [ Figure 3 -arrows]. Among these, the percentage of positive tumor cells varied from 2% to 95% with a mean of 19.6%. H-score varied from 4 to 285, with a mean of 44.5. Another interesting fact was that the Hep Par 1 expression pattern in the metastatic foci was not proportionate with the expression in primary tumors [ Table 1 ].
Comparison of Hepatocyte Paraffin 1 expression
between the normal mucosa, primary tumor, and metastases at different sites Normal esophageal and gastric mucosas were completely negative for Hep Par 1, whereas the majority of the tumors and metastases arising from these sites showed Hep Par 1 expression. In contrast to strong expression in normal periampullary mucosal biopsies, in both periampullary carcinomas and metastatic tumors, Hep Par 1 expression was significantly low [ Table 1 ]. In comparison to Hep Par-1 expression in gastric carcinomas, in metastatic sites, also expression was significantly lower [ Table 1 ]. In colon, rectal, and gall bladder, normal mucosa showed weak positivity in a few cases as compared to higher H-score in the tumors and metastatic foci originating from these sites. The mean H-scores in the primary tumor and metastatic foci of these sites, although were not similar, the differences were not statistically significant [ Table 1 ]. When the mean H-scores in normal mucosal biopsies of both upper GI (esophagus and stomach) and lower GI (colonic and rectal), including the gallbladder and periampullary regions were compared, Hep Par 1 expression was found to be significantly higher in the latter. However, Hep Par 1 expression was not significantly different either in the primary tumors or in the metastatic foci arising from different sites included in this study [ Table 1 ].
Correlation of Hepatocyte Paraffin 1 expression at different sites with clinical and histological parameters
The expression pattern of Hep Par 1 was correlated with patient's demographic data as well as different histological parameters, both in the primary and metastatic tumors [ Table 2 ]. Its expression did not differ according to the patient's age, tumor size, histological tumor grade, positive or negative resection margin status, perinodal soft tissue deposits and evidence of mucin production and perineural tumor spread status. Expression in males was high (both the primary tumor [P -0.01] and metastases [P -0.02]) and higher H-score was related to frequent lymphovascular tumor embolization (P -0.04) and more numbers of nodal metastasis (positive nodes ≥ 5, [P -0.03]).
DISCUSSION
Histological prediction of the possible primary site is an important clinical question from the oncologists, in case of a metastatic tumor of unknown primary. It is known that a major portion of the metastatic malignancies is possibly from GIT primary, lung tumors, or adnexal tumors in females. While saying that, histological appearance of the metastatic tumor site is not reliable to predict the possible primary site; hence, often histopathologists resort to a wide panel of immunohistochemical (IHC) stains. Apart from CK7 and CK20, inclusion of Hep Par 1 stain is also common in such panel, which is used to determine a primary hepatic origin. Other IHC markers, such as AFP, polyclonal CEA, and alpha1 antitrypsin, which have been used for this purpose are known f a e to be not specific. [1, 3] However, expression of Hep Par 1 has been described in SI tumors and in many other nonintestinal tumors in microarray-based analyses. GIT tumors with hepatoid features were also found to express Hep Par 1 avidly. [3] [4] [5] The target of Hep Par 1 antibody is the mitochondrial enzyme carbamoyl phosphate synthetase 1 (CPS 1), responsible for initiation of the urea cycle. [13] Chu et al. found Hep Par 1 granular cytoplasmic immunoreactivity in 92% of HCCs and correlated its differential expression with tumor nuclear grades. [1, 14] However, gradually it was found that Hep Par 1 stain also comes positive in SI adenocarcinoma, skin, respiratory, and urological tumors, though most of these staining was weak and inconsistent. [8, [15] [16] [17] [18] [19] [20] [21] [22] This is also not clear, if Hep Par 1 expression is seen only in the normal SI mucosa and adenocarcinomas, or is also expressed in other areas of GIT and corresponding adenocarcinomas. This study was conducted to get a comprehensive picture of Hep Par 1 expression along different sites of GIT mucosa, corresponding adenocarcinomas and in metastatic foci.
In this study, normal esophageal and gastric mucosa did not show Hep Par 1 expression, except the focal expression in foci of incomplete intestinal metaplasia of gastric epithelium. In SI (periampullary mucosa), its expression was strong, diffuse, and consistent. It was identified that the specificity and sensitivity of this stain for detecting SI metaplasia is higher than that of keratin 7, 20 or MUC2. [17, 18] Jeung et al. in their study had identified Hep Par 1 expression in columnar cell metaplasia, even in the absence of goblet cells, They concluded that Hep Par 1 can be regarded as a marker of evolving SI metaplasia. [17] In adenocarcinomas arising from the esophagus, stomach, SI, LI, and bile ducts all show Hep Par 1 expression, without any significant difference of expression among these sites. Strong Hep Par 1 expression was also seen in a majority of esophageal and gastric adenocarcinomas, by Kakar et al. [9] There are other studies, who reported, higher Hep Par 1 expression in gastric signet ring cell adenocarcinomas and in hepatoid adenocarcinomas. [9, 18] However, in this study, Hep Par 1 expression was found irrespective of histological tumor types and histological grades. While saying so, we also want to highlight the patchy Hep Par 1 expression pattern in the esophageal adenocarcinomas, than its expression in other GIT primary tumors [ Table 1 ]. An important observation was that although, in patients with SI primary, Hep Par 1 was strong and diffuse; in the metastatic (nodal) site, the expression was focal with low intensity positivity, in comparison to their primary sites [ Table 1 ]. This might be explained by the findings of a study by Cardona et al., [19] that CPS 1, which is the antigenic target of Hep Par 1 stain, although present abundantly in normal SI, is depleted in metastatic site. [22] CPS 1 is involved in producing arginine from dietary proline or glutamine. [22] Gulluoglu et al. noticed a higher expression pattern of Hep Par 1 in intestinal type periampullary cancers than in the pancreatobiliary type carcinomas, suggesting a possible role of Hep Par 1 in differentiating these two histological tumor types. [20] In the metastatic sites also, Hep Par 1 expression was irrespective of their primary site of origin.
Hep Par 1 expression in normal colon and rectal mucosa was also noted in a few cases; however, the intensity was weaker than its expression in normal SI. Fifty percent of the primary colonic and > 50% of the rectal tumors as well as their metastatic counterparts showed patchy low-intensity expression of Hep Par 1 [ Table 1 ]. Villari et al. also demonstrated Hep Par 1 expression in 50% of the colon tumors, [21] while, the others have reported very low expression or no expression. [6, 23] Her Par 1 expression also has been described in a subset of dysplastic polyp which transformed into malignancy. [9] Abu-Zeid and Farid found a decreasing grade of Hep Par 1 staining in colon carcinoma, adenomas with high-grade dysplasia and in low-grade dysplasias.
In the mentioned study, Hep Par 1 expression was inversely correlated with tumor type, grade, lymph node metastasis, and AJCC stage, but not with the depth of invasion or lymphovascular invasion. [23] We did not identify any significant correlation of Hep Par 1 expression when compared to different surgical and histological parameters. However, the Hep Par 1 positive cases were associated with higher number of lymph node metastasis and lymphovascular emboli. In cholangiocarcinomas, Hep Par 1 expression was focal in a few cases (<5%); [5, 10, 24] whereas others had reported relatively more expression (16%). [2] As described in literatures, we also identified rare positivity of Hep Par 1 in periampullary adenocarcinomas, in contrast to the normal periampullary mucosa and mild focal positivity in cholangiocarcinomas. [7, 8] Hence, to conclude, Hep Par 1, a marker of normal SI differentiation, is not helpful to differentiate adenocarcinomas arising from different parts of GIT, and hence should not be included in the diagnostic panel of metastatic tumors of unknown primary, to determine a possible primary site of origin. In metastatic foci, the Hep Par 1 expression is also not proportional to its expression patterns in primary GIT tumor foci.
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